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1.0 EXECUTIVE SUMMARY

Coast Guard operational requirements for electro-optic

sensors for medium and high endurance cutters call for night

classification of vessels at 20,000 yards and observation of deck

details at 10,000 yards. As an "interim solution" for meeting

the requirements, a set of "low cost" unstabilized FLIR units was

tested. Three unstabilized Texas Instruments units which were

variations of the Navy AN/KAS-1 Chemical Warfare Detector were

tested--one from shore, one on the CGC VIGOROUS, and one on the

CGC DECISIVE. The unit tested on the DECISIVE was fitted with a

video pickoff, display, and tape recorder. For the other units

individuals recorded details seen, ranges, and ambient conditions

in logs. Magnifications available on the sensors were 3X and 9X.

The narrower field of view (9X) was 1.10 vertical X 2.20

horizontal. The stated resolution was 0.13 mrad.

The tests on the VIGOROUS were performed from March 6 to

April 17, 1987 off the east coast of North America at latitudes

from 420 30' to 180 40'. The tests on the DECISIVE were

performed from May 19 to June 17, 1987 in the Gulf of Mexico and

the Caribbean Sea at latitudes from 260 to 180.

The tests included detection and classification of ships and
observations of activities on deck at various ranges with the

FLIR sensors. Because of operator difficulties with an

unstabilized sensor, search was performed efficiently only in

brief tests with the unit placed on the shore of Long Island

Sound. In all cases logged, initial detection was obtained by

the ship's radar or binoculars (Big Eyes).

Maximum classification ranges for large vessels were from
27,000 yd in northern latitudes to 6,000 yd in southern

latitudes. The ranges for classifying fishing vessels was from

26,000 to 4,000 yd. The classification and deck detail

observation ranges demonstrated in tropical waters thus
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fell significantly below the stated 20,000 and 10,000 yard

requirements. Large vessel maximum ranges were correlated with

the absolute humidity content of the atmosphere. This is a

primary cause of loss of image contrast at these (8 to 12 microm)

wavelengths. From the maximum range vs absolute humidity

observations and weather data on mean temperatures at various

locations around the CONUS, it was concluded that this type of

FLIR could meet a 20,000 yard classification requirement only in

the winter half of the year at latitudes north of the 40'th

parallel in the Atlantic and north of the 30'th parallel in the

Pacific.

Details as small as a man on deck were seen reliably with

ranges of 2,000 yards or less. Increasing the range at which

small deck details can be observed would require both less signal

attenuation by the atmosphere and higher resolution in the

sensor.

The tests gave qualitative confirmation of the improvement

in imaging through thin nascent (small particle) fog and haze

over imaging with visible light.

Tests of the NVS-500 night sight and previous experiences of

the ships' personnel showed that this instrument was useful only

for locating glows from ships over the horizon and for examining

unlighted ships. The presence of any deck or running light

tended to blank other features on the ships.

From the image motion remaining after manual stabilization,

as observed in the video recordings, it is concluded that

automatic stabilization is mandatory when the ship roll and pitch

are over five degrees.
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Since classification ranges in tropical waters were found to

be far less than the stated requirements, the R&D Center

recommends that a study be performed to ascertain if the response

of the instruments can be increased by optical filtering or by

selecting a new wavelength band. Also the study should include

consideration of how the resolution of the instrument can be

improved by a factor of two or greater.

2.0 ADMINISTRATIVE BACKGROUND

Coast Guard Headquarters' Office of Operations provided

operational requirements for shipboard electro-optical sensor

systems for Coast Guard Medium and High Endurance Cutters (G-OLE

memo 3900 of 9 March 1983). Requirements called for a stabilized

electro-optical system with which the operator could:

a. "Classify radar targets at 10 miles (20,000 yards)".

b. "Observe ship deck details at 5 miles (10,000 yards".

Control was to be from within the ship.

As an interim solution to these requirements, G-DST

identified several "low cost", "light weight", unstabilized

FLIR's (Forward Looking Infra Red viewing apparatus) which could

partially meet primary requirements. One of these, an AN/TAS-6

Night Observation Device, was lent to the R&D Center for shore-

based performance tests. Equivalent devices hardened for the

marine environment were to be obtained, installed and tested

similarly. Capabilities of the devices for searching were also

to be assessed.

During the performance of the task, the R&DC was also

requested to determine the utility of the NVS-500 night viewing

apparatus carried on many Coast Guard ships.

3



3.0 OPERATIONAL TESTING

3.1 Operational Requirements

The primary requirements referenced in Section II were

interpreted as follows:

a. classify a large ship as to type (from size and shape
details) at a range of 20,000 yd.

b. classify smaller ships, e.g., fishing vessels, (from
observing deck and mast details) at a range of
10,000 yd.

c. determine ranges at which the NVS-500 could perform the
classification tasks above.

In addition to the testing called for by the primary

requirements, tests were performed to determine the ranges at

which men could be observed on deck and to determine the utility

of the IR (Infra Red) apparatus used as a search tool.

3.2 Data Requirements

The primary emphasis for testing FLIR devices is to document

the capability of the devices in helping law enforcement

personnel perform their missions. Since overall performance is

a function of both the Law Enforcement scenario and environmental

conditions, it is necessary to document both actions and ranges

of targets and ambient weather (including thermal) conditions. In

this report observations of target ranges and ambient conditions

are correlated where possible and overall results are summarized.

3.3 Imaging Apparatus Tested

Three sets of infrared imaging apparatus manufactured by

Texas Instruments were tested. The core element of each was one

common module FLIR assembly. The properties of the assembly are

given in Table I.
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TABLE I

ELECTRO-OPTICAL CHARACTERISTICS OF COMMON MODULE FLIR

Wide Field Narrow Field

Field of View 3.4°(V)X 6.8 (H) 1.1 (V)X 2.2 (H)

Magnification 3X 9X

Resolution 0.4 mrad 0.13 mrad

Display Reticle Scale 4.91 mrad/sm div 1.64 mrad/sm div

Minimum Resolvable 0.3 C.(catalog);

Temperature Difference 0.5 to 1.00 C. (operational test)

Entrance Aperture 105 mm

Viewing Aperture 76 mm
(Biocular)

Display Color green

No. of Detectors 60

No. of Horizontal 120
Scan Lines

Sensor Weight 24 lb.
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Items comprising the three sets of apparatus were as follows:

1. Shore-based apparatus:
Texas Inst. Model AN/TAS-6 Sight for US Army artillery--

using pressure bottles for cooling and a battery power pack

Sensor Mounting Tripod

Polaroid Recording Camera

Laser Range Measuring Apparatus

2. Apparatus tested on CGC VIGOROUS:

Texas Inst. Model AN/KAS-l Navy Sensor for chemical cloud
detection--using ship's power for cooling and operation--
used without IR wavelength filters. See Frontispiece.

Pedestal built by R&DC, modified from Navy design to give
adjustable height (see Figure 1).

Thermal Target for checking apparatus sensitivity (see
Figure 2).

3. Apparatus tested on CGC DECISIVE:

Texas Inst. Model AN/KAS-l Navy Sensor, as above, but with
video pickoff added by T.I.

Thermal Target for checking apparatus sensitivity

Pedestal built by R&DC, improved over unit used on CGC
Vigorous (see Figure 3).

Infrared Lens Assembly used to double the sensor
magnification, the "2X Extender"

Sony Model VO-5600 Video Tape Recorder for 3/4 inch tape--
with remote control box and microphone, plus audio amplifier
and speaker for playback

Sony nine inch Black and White Monitor --used on the bridge
to observe the sensor output and tape playback

Time Code Generator for adding time to video recordings

6



FIGURE 1. Front and Rear Views of Mount for AN / KAS-1 FLIR on CGC Vigorous
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FIGURE 3. Installation of an AN / KAS-1 FLIR Sensor on
Flying Bridge of CGC Decisive
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Power Line Conditioning Apparatus assembled by R&DC for
protecting apparatus from line transients

NVS-500 Monocular Night Viewing Intensifier for visual light
observations

Apparatus Set No. 1 was used at Avery Point to observe the

laboratory's 42 ft UTB at various ranges in Long Island Sound.

Apparatus Set No. 2 was placed on the flying bridge of the

CGC VIGOROUS as shown in Figure 1. The sensor was at an

elevation of 58 ft. Sizes of targets in reticle units were

recorded by the crew. These measurements could have been

converted to ft units.

The sensor of Apparatus Set No. 3 was placed on the flying

bridge of the CGC DECISIVE as shown in Figure 3. Its elevation

was also 58 ft. The remote control box, microphone, and speaker

were located in the bridge as shown in Figure 4. The tape

recorder, time code generator, and power conditioning assembly

were placed in a relay rack assembly on the floor in the rear of

the bridge as also shown in Figure 4. Stadiametric measurement

of target size was not employed.

3.4 Test Locations

Locations for the tests performed with the three apparatus

sets were the following:

Apparatus Set No. 1 was tested with a largely over water

path on the eastern end of Long Island Sound.

Apparatus Set No. 2 was tested on the March-April 1987

cruise of the CGC VIGOROUS. Tests were performed on passages

10



RecorRding eeoorde

:. =t : i Recorder

7ime Code
Generator

Power Control
Panel

FIGURE 4. Installation of Video Equipment on Bridge of CGCDecisive
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from Groton to Miami to the Bahamas to Haiti to the Bahamas to

Portsmouth to Nova Scotia to New London. Details of the Groton

to Miami passage are given in the narrative account of Appendix

A.

Apparatus Set No. 3 was tested on the May-June 1987 cruise

of the CGC DECISIVE. Tests were performed on passages from St.

Petersburg to the Gulf of Mexico to Puerto Rico to Martinique to

the Caribbean to St. Petersburg. Details of the St. Petersburg

to Puerto Rico passage are given in the narrative account of

Appendix B.

4.0 MEASURE)ENTS OF PERFORMANCE

4.1 Shore-based FLIR Observations

4.1.1 Observation of Details

A set of shore-based inspection tests was performed to

indicate the performance of the FLIR apparatus under optimum

conditions. For these, elements of Apparatus Set No. 1 were

used. The tripod-mounted AN/TAS-6 unit was located in the R&DC

at an altitude of 90 ft and 800 ft from the shore of Long Island

Sound. The target was the laboratory's 42 ft UTB, which was

taken to ranges of 4, 3, 2, 1, and 1/2 nmi and was deployed at a

variety of target angles. Observers using the FLIR noted

apparent height and width values of the boat in reticle units and

any activities on board the UTB. Target range was obtained

separately with the laser ranging device.

Ambient conditions for the first three sorties are given in

Table II. The corresponding activities observed on the boat and

measurement accuracies are given in Tables III.A and III.B. From

actual measurements one observes that lengths are determined with

satisfactory accuracy, but cabin heights are typically

overestimated--perhaps because of the presence of a small mast

and radar unit mounted on the cabin.

12



TABLE II AMBIENT CONDITIONS

Sortie Time Wind Sig. Cloud Visib. Air Water Precip.
and Date Speed Wave Cover Temp. Temp. Water/mi*

(kt) Ht(ft) (%) (nmi) (deg F) (deg F) (mm)

1;02/04 0945- 9-12 1 45 10-15 43 41 12.5
1140

2;02/13 1330- 3-5 <1 100 10-15 34 39 9.5
1500

3;03/26 1930- 0-5 0 00 05(in 46 42 12.9
2100 haze)

* Precipitable water per mile is the thickness of liquid water

which would result if the absolute humidity in the air was

condensed in a sheet. This factor, pertinent to the transmission

of infrared radiation will be used later.
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TABLE III.a

SHORE-BASED OBSERVATIONS OF 42 FT UTB

Sortie Range Object or Action Seen
No. (yd)

1 7,250 Pilot house and mast

1 4,900 Man or crane on deck

1 3,000 Man on deck

1 1,700 Man on deck; crane arm; hay bale thrown overb.

1 900 Arms, hands of men on deck

2 3,000 Man on deck

2 1,600 People on deck; 2 persons sitting on stern; hay

bale thrown overboard

2 800 Flag, radar, hand rails, people on deck

2 400 Man using a binocular

3 4,300* Boat wake

3 2,000* Man walking on deck

3 1,070* Men seated on stern; flag

* Using 3X (rather than 9X) magnification

TABLE III.b

ERRORS IN SHORE-BASED MEASUREMENTS OF 42 FT UTB

Sortie No. Boat Length Boat Cabin Height
Std. Dev.(ft;%) Std. Dev. (ft;%)

1 1.5;04 8;80

2 03;07 4;40

3 03*;07 12*;120

* Using 3X (rather than 9X) magnification

14



The Sortie No. 1 observer was BM2 Ensminger, who was

completely familiar with the UTB, having served as its cox'n.

The No. 2 and No. 3 observer was SN Meaney, who had served on the

boat, but was not so familiar with taking measurements.

Examples of the quality of shore-based images are presented
in the prints of Figures 5.a to 5.h. The observer of an actual

image perceives somewhat more detail, since he can compare

several images, and the images do not suffer the loss of detail

occurring with photographic reproduction.

4.1.2 Search with the FLIR

Search was performed only from a land sight, since having

adequate resolution required use of the narrow field of view, and

operators of apparatus aboard the moving ships were able to
perform a search only with the wide field of view. With the

land-based searches Apparatus Set No. 1 was used at an altitude
of 55 ft above sea level. The operator scanned the sensor

continuously in azimuth over an angle of 90 deg in about 3 1/2

minutes. Scanning was in one direction only and scans were

repeated until the target was detected. With the elevation angle
set to just bracket the horizon, it was not necessary to scan the

instrument in elevation. With the 9X magnification used, the

field of view at this elevation covered ranges from about 1000 yd

to the horizon.

When each search began, the target, the lab's 42 ft UTB,
proceeded from a greater-than-detectable range toward the

observer at a speed of about five knots. The target range was

measured when detection occurred.

Search conditions are given in Table IV.

15



FIGURE 5a. Bow and Beam Images of UTB at 8,600 Yard Range -Sortie No. 1
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FIGURE 5b. Bow and Beam Images of UTB at 5,800 Yard Range - Sortie No.1
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FIGURE 5c. Bow and Beam Images of UTB at 3,800 Yard Range -Sortie No.1
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FIGURE 5d. Bow and Beam Images of UTB at 2,000 Yard Range - Sortie No. 1
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FIGURE 5e. Quarter Image of UTB at 900 Yard Range -Sortie No. 1
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FIGURE 5f. Bow and Beam Images of UTB at 5,400 Yard Range - Sortie No. 2
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FIGURE 5g. Beam Image of UTB at 3,400 Yard Range - Sortie No.2

22



FIGURE 5h. Bow and Beam Images of UTB at 3,800 Yard Range -Sortie No. 2
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TABLE IV

SEARCH AMBIENT CONDITIONS

Search Date Time Wind Sea Visib. Relative Air Cloud
Number Speed(kt) State (nmi) Humid.(%) Temp.( F) Cover

1 6/30 2155 2 1 07 94 70 7/8

2 6/30 2220 4 1 10

3 6/30 2230 4 1 10

4 6/30 2255 4 1 10

5 7/1 2110 6 0 06 95(est) 68 8/8

6 7/1 2130 2 0 06

7 7/1 2150 4 0 06

8 7/1 2205 4 0 06

9 7/1 2225 4 0 06

10 7/1 2250 4 0 06

With this search procedure, detection might have occurred at

a time up to one scan period earlier if the scan had begun at

another azimuth angle. On the average, assuming that the target

would have been detectable, the detection would have occurred one

half scan time earlier. The third, fourth, and fifth columns of

the table following assume that the limiting detection range

should be increased by the range travelled by the target at a

speed of five knots in this time interval.
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Detection results and precipitable humidity values are given

in Table V.

TABLE V

DETECTION RESULTS AND PATH HUMIDITIES

Search & Detection Range Target Target Precip.
Observer Range 1/2 Scan Width Height Water/mi
Numbers (yd) Earlier(yd) (mrad) (mrad) (mm)

i;i 6160 6430 0.73 0.52 31.7

2;2 6470 6850 0.68 0.49 31.7

3;1 4620 5000 0.93 0.67 31.7

4;2 3870 4040 1.16 0.83 31.7

5;3 6370 6620 0.71 0.50 31.6

6;4 4340 4640 1.01 0.72 31.6

7;5 6390 6700 0.70 0.50 31.6

8;3 5030 5340 0.87 0.62 31.6

9;4 4670 4990 0.94 0.67 31.6

10;5 1990 2460 1.90 1.36 31.6

Mean; 4990; 5310; 0.96; 0.69; 31.6

Std. Dev. 1430 1400 0.37 0.26

Observers were as follows:

1 SN A. Depaolo
2 MST3 P. Reilly
3 MST3 C. Weiller
4 MST2 D. Hutchinson
5 SA E. Daly
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It should be noted that the search field of view contained

confusing objects (buoys, rocks, and other boats), causing a few

seconds delay in setting on the true target. The 42 ft UTB was

distinguished from other objects by noting its size and its

motion in the field of view.

4.2 Ship-based FLIR Observations

4.2.1 Ambient Conditions

Ambient conditions are given in detail in the FLIR and

meteorology logs reproduced in Appendices C and D. Ambient

parameters for the cruises of the VIGOROUS and the DECISIVE made

at the times of FLIR observations are summarized in Tables VI.a

and VI.b.

TABLE VI.a
AMBIENT PARAMETERS FOR VIGOROUS CRUISE

Parameter Extreme Values

Wind Speed(kt) 2-28

Wind Direction Variable

Sig. Wave Ht.(ft) 0.5-8

Pitch and Roll(deg) 0-3 (30 days); 4-10 (6 days)

Visibility(nmi) 2-10 (typically 10)

Air Temperature(F) 39-83

Prec. Water/mi(mm) 10.8-39.6

Precipitable water values for the VIGOROUS cruise are

plotted at the end of Appendix D.
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TABLE VI.b
AMBIENT PARAMETERS FOR DECISIVE CRUISE

Parameter Extreme Values Mean Value Std. Dev.

Wind Speed(kt) 6-18 11.8 3.5

Wind Direction East Quadrant

Sig. Wave Ht.(ft) 2-5 3.4 1.2

Pitch(deg) 0-4 2.0 1.2

Roll(deg) 0-10 3.0 2.9

Visibility(nmi) 9-10

Air Temperature(F) 80-83

Prec. Water/mi(mm) 40.9-46.3 42.8 1.8

4.2.2. Maximum Classification Ranges for Large Vessels

The plots of Figures 6 and 7 show maximum ranges for large

vessels vs. precipitable water/mile. The data points present the

maximum ranges logged for the various contacts.

4.2.3 Maximum Ranges for Observation of Details

Figures 8, 9 and 10 show similarly obtained maximum ranges
for fishing and sailing vessels and for deck rigging.

Identification of these types of ships and of deck rigging

represents a significant sensing of detail by the observers.

Unfortunately the number of observations in the three categories

made under widely varying humidities is less than ;ould be

desired.

4.2.4 Maximum Ranges in Low Temperature Foqs

A set of twelve observations from the FLIR log of the

VIGOROUS cruise illustrate the performance of the FLIR in low

temperature fogs. They are reproduced as Table VII.

27



00

4 1

4c 4

V 05

Co U-
0~IE

/ C
/ 0J

:) (U D

0
00 .j

44t/ 4t 0..
00 0
Cl) (A) -

28.



LO

00

M CD

ar-
0

Cc)
(0 n

0

a o () 0)

CL

0

C0)

CDC

Ct~4 Ct t

CY c6 c

29~



LO

00 E

CD
4m

.0

00
.0 E

0. cc

00

00

0 03 a

00
0t 0 0 cot

o 0 o am
C~j(A) OBUSH

30



J6 (o

.0

b.L

0

(I U

CD'
Ct Ct CD C

Cf) C eaus CI c

31.



0

PF0

.00

E
L) L

ama
04) 0)-

one

xCD

o .

m m
cr

Xc

0

320
a)~mE

0. E
0

x x w Q

U

R Ct R C Co a 0 Ct
C4(A) BOUSflC'

32



TABLE VII
FLIR OBSERVATIONS MADE IN FOG

Date Time Air Visib. Radar Ship Observations
Temp. (nmi) Range(yd) Type

4/5 1307 47 F 5 18,000 Frtr Faint hull outline

4/5 1505 47 F 7 10,000 Only stack visible

4/5 1900 43 F 1/4 Only VIGOROUS bow vis.

4/6 2045 40 F 2 2,000 CGC "Decent" FLIR image;
VIGILANT Only stern light vis.

with Big Eyes

4/6 2125 40 F 6 6,400 CGC Good profile
VIGILANT

4/6 2125 40 F 6 4,000 Fishing Heat from lights and
Vessels stacks

4/6 2145 40 F 8* 10,000 CGC Slight profile
VIGILANT

4/6 2245 41 F 9* 3,700 Stern "Decent" image
Trawler

4/6 2245 41 F 9* 22,000 Tanker Strong image of stack
and superstr. ;no hull

4/6 2300 41 F 10* 12,000 Tanker Hull appears faintly

4/8 2205 39 F 8 2,210 Fishing Superstr., rigging,
Vessel hull visible

4/10 2208 47 F 9 10,000 Trawler Rigging, superstr.
visible

*Estimated from log data
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4.2.5 Quality of Images--Video Recordings

The quality of images recorded on the DECISIVE cruise can

best be judged by seeing the two 3/4 inch VCR tapes included with

this report and listening to the audio commentary on the tapes.

These tapes comprise a set of samples from the set of seven

original tapes recording test signals and at-sea observations.

They shorten the observation time required by omitting periods of

inconsequential activity or of little change in the scene. The

narrative report of Appendix B provides additional details about

the action taking place on the tape recordings.

4.2.6 Tests of the "2X-Extender" Magnifier

A lens assembly giving an additional 2X magnification (but

no additional scan lines) was provided for the first leg of the

DECISIVE cruise by Texas Instruments. Its effect may be seen on

portions of the video recordings--from 19 May--2043 hrs to 20

May--2050 hrs. The only conclusion reached about its operation

was that it cannot be used easily on an unstabilized mount

because of the increased image motion which it generates. It

might well be useful on a stabilized sensor for increasing the

detail in clearly defined images. It cannot, of course, increase

the contrast present in images.

4.3 Inspection with the NVS-500 Night Sight

Robert Barry recorded two trials of the Night Sight in

Appendix B, saying that, "The recorder was started at a range of

1400 yards. I examined the contact with the NVS-500, but the

anchor light and a light on the starboard side prevented seeing

details until the boat was close aboard."--and--"Good detail on

FLIR. NVS-500 image masked by lights; the outriggers were the

dominant feature that was clear."
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This effect was confirmed by a DECISIVE crewman who added

that the night sight was useful for detecting glows from ships

over the horizon or for looking at unlighted ships, but it was

not useful for inspecting ships carrying lights.

4.4 Operator Image Stabilization and Eye Fatigue

4.4.1 Short Term Stabilization

Observations of the video recordings from the Vigorous

cruise show that sensor operators were able to stabilize images

to within peak-to-peak angles of about four milliradians when the

ship's roll or pitch was of the order of two degrees (35 mrad).

When ship motion increased to a maximum value, the stabilization

was accomplished to within about 13 mrad. According to the

operators, manual stabilization and operation become difficult to

impossible when ship pitch and roll values exceed about ten deg.

4.4.2 Eye Fatigue

The crews of the VIGOROUS and the DECISIVE indicated that

the longest period which an operator could concentrate on an

image is of the order of five to ten minutes. Then his eyes must

be averted to reduce fatigue. For this reason search (and

stabilization) by a single operator was difficult.

5.0 RANGE AND RESOLUTION LIMITATION THEORY

5.1 Range Limitations

In the transmission of IR radiation from a target to an

observing device, the target radiation is absorbed and scattered

by the intervening atmosphere, and spurious radiation from the

background is scattered into the line of sight. This effect is

similar to the effect observed with visible light. It leads

similarly to a loss of image contrast and a consequent loss of
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the ability of the observer to detect and/or identify a target.

This loss of contrast has been described mathematically by

Koschmieder's Law in an early report and further developed by

Duntley (Reference 1). Their contrast loss equation is simply

C(R) = C exp[-a(X) R],

where

C = (radiance of target-radiance of background)/
radiance of background

C(R) = image contrast at the receiver at a range R
from the target

C0  = contrast at zero range

a = rate of attenuation of contrast by absorption
or scattering, and

= wavelength of the radiation.

R = range from the target

In our case the attenuation of long wavelength IR radiation

can result from absorption by water molecules in the atmosphere

or by scattering and absorption by droplets (haze or fog).

Figure ll.A is a plot of the absorption (actually transmission)

characteristics of the atmosphere vs wavelength for humidity

concentrations of 1, 10, and 50 mm of precipitable water. Figure

11.B is a plot of target emission combined with the response of

the detectors used in the FLIR. One notes that the effect of

increasing path water vapor is to reduce significantly the

composite response (product of values on Figures 11.A and 11.B).
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The absorption of IR radiation by water vapor across the

transmission band varies almost proportionally with its

concentration and to a lesser degree with temperature*. In

typical conditions at sea the atmospheric relative humidity

varies between 75 and 100 percent. To provide bogey values for

the expected absolute humidity vs temperature, we have calculated

the precipitable water/mile vs temperature for a nominal relative

humidity of 85 percent. This is graphed in Figure 12. Then, in

a non-foggy condition, the attenuation rate for IR radiation is

approximately proportional to the precipitable water/mi, which is

relatable to ambient temperature as in Figure 12. It remains to

determine the proportionality coefficient, or, alternatively, to

find the thickness of precipitable water at which a target can

just be detected. This latter is done in a "Conclusions" section

of the report.

5.2 Resolution Limitations

The resolution achievable with electro-optical apparatus is

a thoroughly studied subject. For us a study by Johnson

(Reference 3) of the US Army Engineering Research and Development

Laboratory is particularly applicable. Johnson found that for a

set of nine types of army targets (vehicles, tanks, guns,

soldiers) the number of TV lines (resolution elements) required

for determining target details in a display were as follows:

*The subject is appropriate for further study, particularly to
ascertain what increases in range can be achieved by changing the
wavelength response of the detector in order to maximize
radiation from a target and minimize line of sight absorption and
scattering.
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Action TV Lines/ FLIR NFOV Angle
lesser dimension* (mrad)

Detection 2.0 + 0.5 0.3 + 0.1

Orientation 2.8 + 0.7 0.4 + 0.1

Recognition 8.0 + 1.6 1.3 + 0.3
(class of object)

Identification 12.8 + 3 2.0 + 0.5
(type in class)

Lesser dimension is height of vehicle, width of man, etc.
In our case it is height of ship.

To the tabulation we've added a third column giving the

corresponding field angles in the common module FLIR in NFOV

mode. Johnson's test conditions were:

1. High signal/noise ratio

2. High target/background contrast

3. No target motion

4. No background clutter

In our case with the common module FLIR operating in the

narrow field of view, the 8 and 12.8 TV lines subtend field

angles of 1.3 and 2.0 mrad (8 and 12 ft at one mile)

respectively. These values will be compared with requirements in

the section describing "Conclusions."

6.0. USERS' CRITICISMS

These were obtained from the final reports and from

debriefings of the ship's personnel and the R&DC operators.

Summaries are presented here.
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6.1 Classification Range

VIGOROUS--"Up north contacts were picked up at great

distances, up to 10 miles; FLIR generally did not pick up

contacts well down south."

DECISIVE-- "Outside Tampa Bay--the first ship observed was a

600 ft cruise liner.--Not until a range of approximately two

miles was the ship identified by type with the FLIR."

--"Only on a very few occasions were any vessels visible

through the FLIR at a range of over three miles.--- Between the

latitudes of 15 and 12 degrees north we were not generally able

to detect contacts farther than one mile."

6.2 Detail Observation Utility

VIGOROUS--Useful for picking up unlighted vessels at night.

"The FLIR is a valuable tool when searching for a specific target

since nighttime profiling and sizing is accomplished."

DECISIVE--"On the occasions that we closed a vessel for LE

purposes the device--allowed us to observe vessel type and

construction, monitor crew movement, and examine possible heat

sources prior to illumination and boarding. Once the boarding

was in progress, the FLIR became insignificant for that vessel."

6.3 Major Equipment Items

VIGOROUS--"A remote bridge monitor for periodic scanning by
bridge personnel or red-lens screening for the normal lookout's

periodic scanning would help circumvent manning restrictions."

Mounting the FLIR sensor on top of the Big Eyes binocular

for convenience of the lookout (eliminating the need for another
watchstander) was suggested.

Automatic detection of targets would be desirable.

Documenting of LE cases is necessary nowadays.
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DECISIVE--"Resolution was a problem.--the video capabilities

require too much space."

Real time observation was even more useful than recording.

6.4 Minor Capabilities

VIGOROUS

The sensor image should be in red, rather than green, to

permit the lookout to continue to be dark adapted.

The sensor stand should be stronger to reduce ship-induced

vibration.

The sensor should be higher so that the obscuration is

lessened.

DECISIVE

The time code generator should be easily settable and should

have storage cell backup so that resetting would not be necessary

after every power break.

Too much space was taken up by recording and control panels.

R&DC

The mount provided for the sensor by T.I. was defective in

two ways. The tapered fitting used for quick release of the

apparatus fitted poorly, allowing the apparatus to flop in its

mount, instead of moving on well made bearings. Also the

elevation yoke was sprung causing improper friction on the

elevation bearings.
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The viewer reticle should have only one cross-bar length to

prevent confusion in ship size measurement when many operators

use the viewer.

The optics and/or detectors associated with the video

pickoff were loose and vibrated when the sensor was pointed at

the horizon.

The connectors on the video cables were not durable for

shipboard use--they were the BNC type.

A shield should have been provided to shield the infrared

optics from spray in as far as possible.

The sensor's foam optics protector should have a positive

lock in the operating position so that it will not be loosened by

the air stream.

The apparatus manufacturer should provide the user with a

simple thermal test device to verify its sensitivity and

resolution.

7.0 CONCLUSIONS

7.1 FLIR Range Capabilities for Detection and Classification of
Large Ships

If we assume that the "trend line" of Figure 6 represents

the limiting range for classification of large ships, it would be

instructive to predict the ranges obtainable at differing

locations when humidity is the limiting factor. To do this, we

selected fifteen offshore locations around the continental U.S.

and in the Caribbean. For these we obtained mean July and January

air temperatures. Then, assuming a bogey value of relative

humidity of 85 percent, precipitable water per mile was obtained

from Figure 12. With this as an input, we calculated mean maximum

ranges for these locations. These are given in Table VTII.
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TABLE VIII
MAXIMUM EXPECTED LARGE SHIP CLASSIFICATION RANGES

Offshore Jan. Mean July Mean Jan. Max. July Max.
Location Temp. (F) Temp (F) Range (Yd) Range (Yd)

(N. Lat,W. Long)

East Coast

44,68 31 55 40,000* 16,700

40,74 37 73 31,600 9,200

35,76 51 81 19,100 7,100

30,81 62 82 13,100 6,900

25,80 72 84 9,500 6,500

Gulf of Mexico

25,90 71 84 9,800 6,500

Caribbean Sea

20,70 78 83 7,800 6,700

15,65 79 83 7,600 6,700

West Coast

34,119 56 65 16,100 11,900

40,125 51 57 19,100 15,600

45,125 47 60 22,000 14,000

49,126 43 56 25,400 16,100

Calculations are for a flat earth. This range would place
the ship over the horizon.
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From the projection data given in Table VIII we conclude

that the requirement for a 10 mile detection of large ships will

be met only for the winter half of the year at latitudes above
040

If the requirement is relaxed to a range of 5 nmi for

detection, we predict that this will be possible year around for

latitudes above 400 on the Atlantic Coast and 300 on the Pacific

Coast.

Concerning resolution capability of the equipment--if we

equate Johnson's "Recognition" requirement given in Section 5.2

with the resolution required for classifying ships as to type,

his criterion would be met for ships having mean vertical

subtenses (freeboard plus cargo or superstructure) of 26 yd at a

range of 20,000 yd. Assuming that typical vertical subtenses for

larger ships vary from 6 to 40 yd, meeting his criterion would

require a viewer resolution of at least four times the present

value. If we assume in our case that the crew can use the

additional criteria of apparent ship length and strength of radar

signal return for classifying ships, it would still be wise to

select equipment having a vertical resolution two or three times

that of the present equipment. One possibility for achieving

this is to add an IR telescope (e.g., the "2X Extender").

Concerning the utility of FLIR observation in fogs--it is

difficult to draw conclusions from the data of Table VII, since

the information from which this was drawn did not give the

density of fog occurring at the exact observation time. However,

it is known that far IR transmission through nascent (small

particle) fogs is superior to the transmission of visible light.

This is borne out from a statement in the account of Appendix A,

6 March--0500 hrs, "Turned on FLIR to see how well it would work

in light fog or haze that was showing along the shore. FLIR

worked extremely well in this case. The Verrazzano Bridge was
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hidden in fog except for the very top of the bridge towers. The

FLIR showed all detail including vehicular traffic. Distance was

about 4 miles. I requested the lookout on the Big Eye scope to

describe various contacts for me so I could compare visual

observations to FLIR. For the most part the FLIR 'saw' the same

thing as the Big Eye except that the FLIR detail wasn't as great

because of the difference in magnification. One instance where

there was haze the Big Eye could not pick up both a tug and barge

and could only identify the pair as a single unit."

7.2 FLIR Range Capabilities for Observation of Details

We will assume that the first degree of resolution of

details occurs with the recognition that the ship is a fishing

vessel. Unfortunately the number of data points for these is not

as large as the number of data points for large vessels.

However, one may conclude from the data of Figure 8 that ranges

at which ships can be classified as fishing vessels under low and

high humidity conditions vary from about 7000 yd at low

humidities to 4500 yd at high humidities. Thus we can predict

only two nmi range for classifying ships as fishing vessels under

all conditions.

The data from Table V.b show that, at least for a stabilized

mount, the apparent lengths of ships can be measured to within a

few percent by using the viewer reticle and the range given by

the ship's radar. Correcting this apparent length for the target

angle should give the ship's length or its beam width to within

(est.) 25 percent.

The second degree of resolution might be that the operator

can sense the presence and motion of men on deck. The data from

Table V.A, obtained from shore-based observations, show that the

maximum range for sensing men on deck is about one nmi. At such

ranges, the sensing of detail is primarily limited by the

instrument's resolution. Thus this range should be nearly

independent of ambient humidity.
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7.3 Utility of the NVS-500 Night Sight and the "2X-EXTENDER"

As has been indicated, the present NVS-500 Night Sight is of

very little utility--solely for inspection of unlighted targets.

Conclusions cannot be drawn about the use of the "2X-

Extender" magnifier, since it could not be used easily on an

unstabilized mount.

7.4 Stabilization Requirements

Judging by the image motion present in the video tape

recordings made on the DECISIVE cruise, manual stabilization is

suitable only for weather in which the ship roll and pitch is

less than 5 degrees.

If an inertially stabilized mount is used, it would appear

that stabilization to within 1.0 mrad rms is adequate for eye

viewing of the monitor. If automatic target detection

(electronic search) is to be employed, the stabilization error

should not be over 0.2 mrad rms.

8.0 GENERAL RECOMMENDATIONS

It would be possible to use the equipment in northern waters

with reduced operating ranges. However, before the severe

operating limitations indicated in this report are accepted, it

is recommended that the following studies be performed:

1. Ascertain the improvement in range which can be achieved
by use of wavelength selecting filters or by operating
at another infrared wavelength.

2. If the results of study 1) are favorable, study
possibilities of increasing instrument resolution, so
that details of actions on deck can be perceived at
ranges greater than 2,000 yd.

3. Study the requirements and cost of a stabilized mount.
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4. Study means of automated search and detection

5. If the results of Studies 1.) through 3.) lead to an
instrument producing a stable image with a good image
signal to background noise ratio, study the
possibilities of computer image enhancement.

A search should be made for visible light intensifier

apparatus having less severe glare problems than does the NVS-

500.

9.0 OPERATOR REPORTS

Reports from the captain and crew of the VIGOROUS and the

captain of the DECISIVE are included as Appendix E. Generally

comments given in the reports have been included in the previous

text.
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APPENDIX A

REPORT OF FLIR OPERATION ON THE TRANSIT OF THE VIGOROUS

FROM GROTON TO MIAMI

--Abstracted from Narrative Account composed by Bob Stachon--
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5 March ---- 2000 hrs. Ens Dietrick conducted the briefing and

explained what would be required of watch standers and look outs.

It was decided to man the FLIR from 30 minutes after sundown to

30 minutes before sunrise. FLIR may also be used during times of

low visibility at the OOD's discretion. Extra lookouts will be

used for the FLIR; these personnel will be petty officers who

normally don't stand watch. They will stand one 2 hour watch on

a rotating basis. There will be 9 PO's for this purpose.

2100 hrs. demonstrated FLIR to lookouts and had a question

and answer period. Shut down operations for the night. FLIR

watch will start tomorrow night.

6 March 0500 hrs. Turned on FLIR to see how well it

would work in light fog or haze that was showing along the shore.

FLIR worked extremely well in this case. The Verrazzano Bridge

was hidden in fog except for the very top of the bridge towers.

The FLIR showed all detail including vehicular traffic. Distance

was about 4 miles. I requested the lookout on the BIG EYE scope

to describe various contacts for me so I could compare visual

observations to FLIR. For the most part the FLIR "saw" the same

thing as the BIG EYE except that the FLIR detail wasn't as great

because of the difference in magnification. One instance where

there was haze the BIG EYE could not pick up both a tug and barge

and could only identify the pair as a single unit. Spent most of

rest of day demonstrating FLIR to various crew members.

1830 hrs. (approx 38-25 N;74-18 W) Start of first FLIR

watch. Again went over the adjustments to the FLIR and also the

search/scan procedure that Ens. Dietrick and I worked out. The

very first lookout picked up a freighter on the horizon before

the BIG EYE. This started a competition between the FLIR and BIG

EYE. Worked with the first three lookouts and found them all

interested and very willing to stand this extra watch.

7 March 0600 hrs. Everyone including the CO are

impressed with FLIR and feel that it will aid in their

operations. Adjusted the horizontal and vertical bearing drag

and improved the movement of FLIR.
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2400 hrs. Weather has been steadily worsening. The ship is

rolling and pitching enough to make observations very difficult.

I was informed that the FLR couldn't get a picture. I told them

to secure operations for the night and I would work on it in the

morning.

8 March 0630 hrs. Did not find anything that could have

caused last night's problem. Cleaned the lens and noted that

there was a large amount of water spots of the sort you get when

you let glasses drip dry. On later discussion it was determined

that this was the possible cause. The FLIR will not work when

there is a light coating of water on the lens.

1830 hrs. (approx 26-40 N;79-30 W) Continued the FLIR

watch. I noted that as we traveled south, the display in the FLIR

became more blurred. It appears that as the temperature of the

air and water increase, the definition on the FLIR decreases.

Objects that were recognized at 15 to 16 miles in colder waters

were now first observed at 8 to 10 miles. As we started to

approach shore we began to make more and more contacts.

9 March Early morning hours. A contact was made on radar

that showed a possible collision course with the ship. The BIG

EYE could not identify the contact. FLIR identified a sailboat

as the contact and the ship adjusted course to pass safely.

0800 hrs. Arrived in Miami at Dodge Island. Capt Obrien

from Group onboard. Demonstrated the FLIR and got good response

to the unit.
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APPENDIX B

REPORT OF FLIR AND NVS-500 OPERATION

ON FIRST TEN DAYS OF DECISIVE CRUISE

--Abstracted form Narrative Report by Robert Barry--

--Provides additional information for the video tape recordings

in the time period 18 May to 28 May, 1987--
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18 May ---- I held an indoctrination for watch-standers at 2015.

Chief Bears QMC and I both covered the FLIR and its usage. The

first FLIR watch was set. The sky was partially overcast, stars

visible with scattered clouds. The FLIR picked up a passenger

liner at 2.4 nmi. Pitch and roll both about + 1 deg.

19 May ---- 0057 DECISIVE ran into rain squalls. Bow pitching down

(0 to 2 deg), and rolling (0 to 3 deg) with a 1 1/2 deg list to

port.

Lookout spotted a possible flare, and DECISIVE changed course

to investigate.

--0227 FLIR picked up a small boat. I had the watch shift to 9X,

NFOV (Narrow Field of View). The recorder was started at a range

of 0.7 nmi. I examined the contact with the NVS-500, but the

anchor light and a light on the starboard side prevented seeing

details until the boat was close aboard. At around 0.4 nmi the

cabin was observed to be empty. DECISIVE maneuvered to close to

30 y with the boat on our starboard side, lighting it with the

starboard searchlight. This was identified visually as the TRUDY

MARIE, out of Largo, FL. No one was observed on deck or in the

cabin by FLIR, NVS-500, or eye.

--0450 FLIR system had shut down, cause unknown. Energized

system and set the time. Upon checking the monitor, I corrected

the time. Recording a contact at 2.4 nmi. At a range of 3 nmi

it was 3 divisions long. The watch secured at 0510.

--1245 I held an indoctrination to the FLIR for the

Quartermasters of the watch and the Boatswain mates of the watch.

Inspecting the FLIR, I noticed vibration in the pedestal. Ship

speed was 17 knots. The deck of the flying bridge was vibrating,

apparently causing the pedestal to vibrate.

--1930 I energized the FLIR system and set time. I tested the

FLIR and cleaned the lens. I brought the 2X extender (magnifier)

lens up from Combat Information Center and installed it.

--2043 Radar and visual contact at 5.1 nmi.--searching with FLIR.

Acquired contact at 3.8 nmi. Using 2X extender, 18X total. Hull

aft of the peak tank appeared warm, with the frames clearly

visible. The stack and engine compartments showed very well.
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--2056 Interference--could be port winch lowering the inflatable

boat.

--2101 Shifted FLIR to wide field of view (6X). Contact was

identified as the M/V CLARIBEL.

--2106 End of original VCR Tape No. 1.

--ORIGINAL TAPE NO. 2--

--2123 I installed a new cassette and resumed recording.

--2135 Shifted to narrow field of view (18X). Boarding party

declared Code 4. Interference for about 80 seconds. could be

radio transmission. Had an additional two clicks of interference

at 2139. As CLARIBEL rolled, the square after hatch was clearly

visible and appeared very warm, like a chimney.

--2147 Watch stopped recording.

Coast Guard repaired fuel lines to the diesel of CLARIBEL and

brought the DECISIVE alongside to rewire and recharge the

batteries, securing CLARIBEL to DECISIVE'S starboard side. The

Coast Guard tested the cargo, estimated at 346 bales of

marijuana, about 15 to 18 tons.

20 May--after 0400 M/V CLARIBEL got underway with a prize crew

aboard. DECISIVE and CLARIBEL underway for Key West, FL.

--1330 FLIR energized (without recording) to monitor PT. LOBO, an

85 ft cutter.

--1500 M/V CLARIBEL was transferred to PT. LOB) for towing.

DECISIVE got underway for Key West.

--2000 I energized FLIR system.

--2009 Lost power. System reenergized and time reset. Radar

Contact "A". Ship maneuvering to intercept.

--2050 Picked up contact on FLIR, NFOV with 2X extender lens.

Since Quartermaster could not find FLIR log, no FLIR watch set.

Good detail on FLIR. NVS-500 image masked by lights; the

outriggers were the dominant feature that was clear.

--2350 I secured the FLIR system and removed the 2X extender lens

(end of use).
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21 May--1215 Moored at Key West, FL.

--1700 Underway.

--2000 I energized the FLIR system. After cleaning the lens, I

installed the spray shield. Speed was 17 knots and relative wind

about 25 knots.

--2007 Locked FLIR at 000 deg bearing and recorded pitch; then

trained FLIR to 270 deg and recorded roll.

--2330 Radar contact. DECISIVE changed course to contact.

Manned FLIR, but did not record. Wind was gusting to 31 knots,

relative. Unable to acquire contact with FLIR.

22 May--0015 Rain squall. Contact no longer visible at under 5

nmi.

--0045 I secured the FLIR at 180 deg bearing.

--0115 Still in rain squall with the wind gusting to over 36

knots, relative.

--0200 Wind still over 30 knots. I secured the FLIR system.

--ORIGINAL TAPE NO. 3--

22 May--1325 Boarding small coaster, M/V ESJOCI. Two very hot

vertical exhaust pipes aft, one port and one starboard, outboard

of the access ladder. A third exhaust pipe and muffler on the

port side appeared to be unused, and did not show up on the FLIR.

Crew of eight gathered on the fantail. Very easy to distinguish

between the crew and the boarding party. Boarding party found a

false deck in the forward hold with 18 Haitians hiding under it.

They had to tear up the decking to get them to come out. Too

many and too close together to count with the FLIR.

--1500 Coast Guard crew pumping bilges on M/V Esjoci. Reddish

discharge, clearly visible on FLIR.

--1530 Transferring 4 x 4's and tools to M/V Esjoci.

Second contact, M/V Paulina Express. Monitored through FLIR,

but not recorded.

--2100 Escorting M/V Esjoci to Miami, FL. Monitoring with FLIR.

M/V Esjoci is supposed to be on Decisive's port beam; however,

she keeps drawing ahead and moving further south of track, toward
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Cuban waters. M/V Esjoci's master requested course--may be

having compass problems. Coast Guard Officer of the Deck told

him to steer course 3000.

--2320 M/V Esjoci dropping astern.

--2323--Recording FUR images; anchor cable visible. Esjoci's

master claims to have run aground.

--2334 Bearing to M/V Esjoci about 3150.

--2344 Bearing shifted to about 1750. FLIR looking between the

expanded metal shield and the mast.

May 23--0004 Shifted to NFOV, 9X. The expanded metal shield and

halyards are visible in the foreground while monitoring Esjoci.

--0025 End of original Tape 3.

--ORIGINAL TAPE NO. 4--

--2000 Energized FLIR, cleaned lens and set time.

24 May--0100 M/V Esjoci DIW. Repairs carried out.

0346--Recording Tape 4. Contact appears to be a freighter with a

barge on its port side. Bearing about 3200 at start decreasing to
0290

0349--M/V Esjoci bearing 3400 drifts to 3150.

--0420 The cold muffler, outboard side aft, is clearly visible at

a target angle of 3500 or greater. The inboard muffler is also

visible, but at target angles of 3400 of greater. The starboard

muffler is highly visible at target angles greater than 0100.

--0435 Original Tape 4 ended.

--1945 Energized FLIR, monitoring 41 ft Coast Guard boat

approaching Decisive. Refueling 41 ft boat alongside to port.

INS agent aboard. Decisive's whale-boat used to transfer

personnel to M/V Esjoci. Haitians transferred to fantail of

Decisive.

25 May--0100 Decisive underway for Haiti and Puerto Rico. Due to

watch on the fantail, no FLIR wat-7- was set.

--2100 Energized FLIR system, set time, cleaned lens, and tested

system.
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--ORIGINAL TAPE NO. 5--

26 May--0036 Recording a freighter, bearing about 2700 for three

minutes.

--0122 Recorded second contact on port side.

--0307 Recording a freighter at bearing 0700; image on FLIR was

very poor. I could just make out the four king posts. The stack

and engine room were the only good images.

--1300 Energized FLIR system at the captain's request, set time,

and trained FLIR on sailboat. Good image on FLIR, a man and a

woman clearly discernible. The cockpit showed heat, and a

boarding party was sent.

--1400 Boarding party back aboard. Heat was from cooking in

galley. This contact was not recorded.

--2000 I energized FLIR system, set time, and trained FLIR on a

second sloop. I watched the boarding party and the sailboat, but

this was not recorded.

27 May--0112 Recording sailboat on tape. Bearing about 270o;

NFOV. Bearing increased to 315 in the twenty minutes that we

were recording.

--0146 FLIR on a second sailboat at a bearing of about 0000,

target angle 3000. Recorded for eight minutes.

--0430 FLIR secured because of ground on 115 VAC bus.

--1000 Energized FLIR system, set time, trained FLIR on a

sailboat. 1.0 division NFOV at acquisition. Boarding team sent

to boat. Not recorded.
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--1400 Energized FLIR system. Currently no ground. Secured

FLIR.

--1443 Energized FLIR system, set time, and tracked a small M/V

for about eight minutes. Not recorded. Secured FLIR.

28 May--0930 Decisive moored at Roosevelt Roads.

--1200 Isolated ground to the AN/KAS-l (sensor) power supply. I

departed ship.
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11. OPERATIONAL SUMMARY

MATERIAL CONITION "r a v-.r 1. Held qulaters. Z 6 _Z.2e

READINESS CONIIOd 2. ChronomeoerIs) won. . I
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APPENDIX E

OBSERVATION SUMMARY MEMORANDA FROM SHIP PERSONNEL

A copy of the After Action Report of the Commanding Officer of
the CGC VIGOROUS and a set of notes from watchstanders on his
ship describing the use of the FLIR are reproduced in this
appendix. Also a memorandum from the Commanding Officer of the
CGC DECISIVE to the Commanding Officer of the R&D Center
evaluating the performance of the FLIR is reproduced.
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From: Commanding Officer, USCGC VIGOROUS (WMEC 627)
To: Commander, Atlantic Area Coast Guard
Date: 28 April 1987
Subject: AFTER ACTION REPORT .... CRUISE 05 MARCH - 21 APRIL

1987

2. Comments/Recommendations

d. As requested by the Coast Guard Research and Development
Center, VIGOROUS served as the testing platform for a forward
looking infrared (FLIR) scope. The scope was mounted on the
flying bridge six feet from our magnetic compass. The FLIR's
proximity to the compass caused approximately eight degrees
deviation when energized. It also caused a slight degradation to
the lookout's night vision. A separate lookout manned the FLIR
from one half hour after sunset to one half hour before sunrise.
Eleven crew members stood a total of 374 hours on the "FLIR
Watch." The FLIR is a valuable tool when searching for a
specific target since nighttime profiling and sizing is
accomplished. Dedicating a specific watchstander to FLIR,
exclusive of the lookout, is not feasible for prolonged periods
of time at present manning levels particularly while conducting
special ops (i.e. -HMIO, fog navigation, towing, etc.). A remote
bridge monitor for periodic scanning by bridge personnel or red-
lens screening for the normal lookout's periodic scanning would
help circumvent manning restrictions.

E-3



FLIR Notes from watchstanders

1. Most problems and criticism caused by the FLIR mount. Should
be made sturdier with a wider base, similar to the BIG EYES
binoculars. If the FLIR unit were made heavier, like the BIG
EYES, our watchstanders feel it would be easier to handle since
it would not be as prone to vibration.

2. All friction points on the FLIR should have bearings on it,
instead of straight friction joints, to make scanning easier.

3. If possible, could the focus and magnification knobs be moved
to the lens area of the FLIR? They were tough to reach while
looking through the FLIR, and difficult to locate at night by
feel alone.

4. Functional notes:
- usually always contacts were identified first through the

BIG EYES rather than by the FLIR. This was also attributed to
our not having had any unlit vessels at night not detected by
radar.

- green display affects night vision. Could a red Lens be
placed on the display? That would not affect night vision at
all, and therefore the regular lookouts could use the FLIR rather
than having an additional lookout, as we had during the patrol.

- FLIR should be on a LittLe higher stand; the flying bridge
on the VIGOROUS had many obstructions (antennaes, the mast, the

BIG EYES, etc.). The FLIR could do better a little higher to

overlook those bridge obstructions.

5. Notable contact information: FLIR generally did not pick up
contacts well down south. Up north, contacts were picked up at
great distances, up to 10 miles. Temperature differentials was
the answer. A regular nightscope may have worked better down
south, since contacts did not appear that well. The FLIR picked
up fixed fishing gear well up north, and information was relayed
to the CONN in time to avoid. Conceptually, the FLIR would be
perfect for man overboards.

6. Future configurations: TV monitor connecting FLIR to bridge
watch; CO could then get more information on boarding targets at
night before boarding party is sent over to vessels.

7. General findings: Besides for picking up unLit vessels at
night, the FLIR, as configured and designed now, was more of a
burden than help. With a red lens, sturdier base, and more solid
construction, the FLIR would be a great aid for the lookouts. We
recommend these modifications for the best implementation on
Coast Guard units.
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U.S. Deprtmenti Commanding Officer c/o USCG Station
ofTransportation USCGC DECISIVE(WMEC 629) 600 8th Ave SE
Unftd saes St. Petersburg,
Coast Guard FL 33701-5099

FTS: 826-3822

3980
17 Jun 87

From: Commanding Officer, USCGC DECISIVE (WMEC 629)
To: Commanding Officer, USCG Research & Development Center

Subj: EVALUATION OF SHIPBOARD MOUNTED FLIR

1. The FLIR (Texas Instruments Lightweight Shipboard Electro-
Optical Sensor) was installed prior to our departure on 18 May
1987. The location selected for the most unobstructed view was
the flying bridge adjacent to the lookout station. The nine-inch
monitor was placed conveniently in an open cabinet, forward on
the port side of the bridge and the power pack/video gear was
oriented athwartships against the after bulkhead under the
starboard window. All cables were led through the overhead and
out a side window to the FLIR. Once underway, R&D technician, Mr.
Bob BeLry, conducted a briefing on the operation and capabilities
of the FLIR with all the non-watcnstanding petty officers w'ho
would be operators.

2. Our first night at sea was the clearest night in -oout three
years. Outside Tampa Bay were many ships and small vessels with
which to test the FLIR capabilities. The first ship observed was
a 600 foot cruise liner that was visually confirmed at about s;x
nautical miles. At about five mi]es, the stack b.::ame visible
through the FL!R, and at about three miles tne overboarl
discharge was identified. Not until a range of approximately tro
miles was the ship identified by type with the FLIR.

3. The FLIR was manned, in the beginning, from 2100 to 0500, and
waz ;.zei scanning lokout watch. The first t-,
nights of watch revealed that this would be counter-productive
since our regular, flying bridge lookout was reporting contacts
as usual at six to fifteen miles while the FLIR watch saw
nothing. We rarely closed vessels to less than two nautical miles
and small vessels of 100 teet or less were not visible beyond two
miles. Continuous scanning tended to cause some eye strain, so
scanning was done for five to ten minutes followed by a brief
rest. In addition, the range/size reticle within the device
proved to be distracting to the lookout. Night vision was not
seriously impacted by the green light of the FLIR so the red
filter was not used. The lack of contacts seen by the FLIR
watchstander proved taxing, so we shifted the FLIR watch to an
on-call basis, activated when we wanted to get a close-up view of
contacts of interest.

4. We were unable to completely evaluate far, intermediate and
near distances since FLIR's range ability was so limited. On the
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17 Jun 87

Subj: EVALUATION OF SHIPBOARD MOUNTED FLIR

occasions that we closed a vessel for LE purposes, the device did
make available another window for details. It allowed us to
observe vessel type and construction, monitor crew movement, and
examine possible heat sources prior to illumination and boarding.
Once the boarding was in progress, the FLIR became insignificant
for that vessel. As comparison between the FLIR and the NVS-500
night vision scope, the NVS-500 is a more capable detector at a
distance greater than two miles, but for close in detail, the
FLIR is a better choice.

5. During our investigation of the F/V CLARIBEL, which contained
over 30,000 pounds of marijuana, no particular heat was observed
that could be identified as decomposing marijuana. However, if
the vessel had been of fiberglass construction, that might have
been different. The engine space and exhaust were clearly
identifiable and, in another case, we were able to confirm that a
vessel had been at anchor for some time due to the lack of heat
detection.

6. Throughout the patrol, we had opportunities to encounter many
types of vessels ranging from 800' tankers to 29' sailboats. Only
on a very few occasions were any vessels visible through the FLIR
at a range of over three miles. FLIR clarity became progressively
worse the farther south we travelled. Between the latitudes of 15
and 12 degrees north we were not generally able to detect
contacts farther than one mile, and there was considerable
"fogginess" in the field of vision when scanning out from the
ship beyond 1,000 yards. Within 1,000 yards the sea was clearly
visible. Of particular note, during our patrol time between 12
and 13 degrees north latitude, our visibility was reduced to a
maximum of eight miles as a result of red-brown Sahara dust blown
west by the tradewinds.

7. After ten days of operation, the FLIR developed a full
ground. Mr. Berry and DECISIVE's EMC attempted to identify and
correct the problem, but a full ground remained in its power
source. The equipment was secured until mid-patrol break arrival
in Martinique where a Texas Instruments repair representative
flew to meet us. The technician replaced the power source and the
FLIR was again operational.

8. The FLIR in its present state of development is useful only
as a supporting device and not as primary search equipment. Given
the acquisition costs, technical maintenance and support required
to keep the equipment operational and useful, its benefits do not
appear to outweigh using familiar and reliable methods like a
high powered spotlight and portable video camera. The pedestal
mount, nine-inch monitor (with red filter), and yoke performed
quite well, but resolution was a problem and the video
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Subj: EVALUATION OF SHIPBOARD MOUNTED FLIR

capabilities were peripheral to our procedures and require too
much space. If the reticle was removed, and resolution was
clarified considerably, the FLIR might be a fine addition to the
fleet.

9. Having evaluated various lowlight level televisions in the
past, I find them to have more capability than this FLIR and at a
much lower cost. A WMEC needs a detection device that can sense
targets at a range of five to ten miles and identify them at
three to five miles. This allows for effective covert
surveillance. Additionally, this device must be on a stabilized
platform due to the movements inherent in a ship. The manning
level on a WMEC 210' is insufficient to man a second lookout so
remote control would allow the bridge watch to effectively use
it.

10. DECISIVE was pleased to have been chosen as a testing
platform for the FLIR equipment. It was a pleasure working with
the R&D representative (Mr Frank Replogle) and technician (Mr Bob
Berry) and having them aboard. I look forward to further results
and developments in infrared technology and offer to provide any
further assistance as a testing facility.

L. E. PARKIN

Copy: COMDT (G-OLE-3)
CG LANTAREA (oc)
CGD 7 (ole)
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